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The rotational spectrum of H,12C#2S has been investigated in the millimeter
region from 100 to 250 GHz. Twenty-five new R-branch transitions have been
measured and combined with earlier data in a centrifugal distortion analysis of
the spectrum. A set of rotational parameters are presented representing the
best fit of all available data on the molecule. These rotational parameters
allow reliable predictions for all transitions of H2C*S up to J = 30and v <
300 GHa.

Thioformaldchyde (H.CS) was first characterized in the gas phase from its
microwave speetrum in the region below 35 GHz (7). In a more recent paper
(2), the spectra of several isotopically substituted forms of thioformaldehyde
were investigated and an r, structure was reported for the molecule. In that
same paper a detailed eentrifugal distortion analysis was presented for the most
abundant isotopic form, H,*C*S.

In October of 1971, the 2,—2y; transition of thioformaldehyde was detected in
absorption from the direetion of the galactie eenter radio source Sgr B2 (3). With
H.CS thus established as a constituent of the interstellar medium, it is now im-
portant that the microwave speetrum of this molecule be thoroughly cataloged
so that all transitions within the range of the radio telescopes can be identified.
The most abundant isotopic form of thioformaldehyde, H,"”C*S, produces more
than 130 transitions in the range from 100 MHz to 300 GHz between states with
total rotational energies of less than 1000 em™. It is clearly impractical to at-
tempt a direet measurement of cach of these transitions. A more reasonable ap-
proach is to measure a set of key transitions from which parameters ean be de-
termined which will allow a reliable predietion of the remainder of the speetrum
(4). The centrifugal distortion analysis reported in Ref. (2) predicted the @-
branch transitions of Hy2C%S well. However, the set of observed transitions
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available for that analysis included only four of the lowest lying E-branch transi-
tions. As a result, the higher frequency R-branch transitions were predieted with
such large uncertaintics that positive identification of an obscrved telescope sig-
nal was unlikely. The purpose of the present paper is to extend the measurements
to R-branch transitions of higher rotational energies in order to obtain more aceu-
rate predietions of the millimeter wave speetrum of Ha;'2C%S,

Gas phase H,CS was generated on a continuous basis by direct pyrolysis of
the trimer in the manner deseribed in Ref. (2). All measurements were made
in 4 12-in. long parallel plate absorption cell fitted with Teflon lenses. Milli-
meter wave power was provided by frequency multiplieation with harmonic
generators of standard design. Stark modulation was employed for the majority
of the measurements. Direet modulation of the multiplier diode was used as an
alternate modulation method for checking all frequencies and for obscrving
those transitions for which the Stark effeet was unfavorable.

Twenty-five new R-branch transitions were measured and combined with
data from the previous papers in the simultancous fit of the entire observed
spectrum of H.”C™S shown in Table I. These transitions were fit to a centrifugal
distortion model deseribed by Watson (5) using techniques deseribed by Kirch-
hoff (6). All five fourth-order constants were included in the fit as well as one
sixth-order constant /,x. Kach transition was weighted by the inverse square
of its measurement uncertainty. The rotational constants are given in Table
II. The number of significant figures given for each constant is neeessary for
recalculation of the microwave speetrum with round-off errors less than the
standard deviations of the calculated frequencies,

Because H,CS is a near prolate rotor with a-type transitions only, a great deal
of correlation cxists between the terms contributing to the ealeulation of the
microwave transition frequencies. As a result the standard deviations of 4” and
Taasa Were greater than 600 MHz. In addition, when both A" and 7444, were al-
lowed to vary, convergence of the iteration proeedure was very slow. From an
analysis of the high resolution infrared spectrum plus the microwave data, Johns
and Olson (7) were able to obtain greater aceuracy for A” and Tasao , &lthough
the remaining constants were better determined from the microwave data re-
ported in Table 1. In order to take advantage of this better determination of
A” and 7eaa, from the infrared spectrum, the value of reuga, viz., —141 MHz,
was included in the least squares fit as a datum point weighted by the inverse
square of its reported standard deviation, 18 MHz. This resulted in a rapid con-
vergence of the iteration procedure and a better determination of 4”7, The value
Of Taaoe glven by the fit differed negligibly from the input value. Had the micro-
wave data been such that A” and 7aee. could have been individually well deter-
mined, the 7,40, datum point would have been overwhelmed by the microwave
data. The remaining constants and their standard deviations (except for 7,
which is derived in part from 7,54.) were only slightly affected by the inclusion
Of Toaaa 88 & datum point.
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TABLE 1

Observed

- frequency

(MIlz

34351,

3139,
68699
67653.
69716,

6278.6

103040.

10147.6;

104617
103039.
10305t .

10463,
137371,
135297
139483.
137382,
137411.
137364,
137369.

15695.
171687.
169113.
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171779,
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171710.¢
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171670.
21971.
20293.
240266.
236726.
244047
240381
240331.
240331.
240261.
2140261
37658.
47067
57518.
69010.
7052,
9050.

11438,
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17565.¢

21397,
25803.
30830.
36526,
42933.
50100.
58066.
66873.

)

13
38
41
82
72

07
56
54

ist. acc.

(MHz)

0.020
0.030
0.100
0.040
0.120
0.008
0.15
0.12
0.07
0.10
0.28
0.005
.30
0.25
0.28
0.32
0.25
0.25
0.25
0.020
0.52
0.15
0. 19
0.30
0.35
0.19
0.149
0.32
0.32
0,020
0.020
0.40
0.60
0.59
0.34
g.24
0.29
0.41
0.41
0.010
0.030
0.050
0.040
0. 050
0.040
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0.060
0.030
04.030
0.030
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.020
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050
050
050
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845
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271
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123
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0
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0
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0
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.

<

2

<

cemoeo -2

R

[ = T

-t

D




556 BEERS ET AL.

TABLE 11
Tar RorarioNnsl CoNsTANTS®* OF THIOFORMALDEHYDE

A” = 291 660.05 £ 50 MHz
B” = 17 699.5551 & 0.0056 MHz
C” = 16 653.0621 4 0.0056 MHz

7 = —2 321.202 + 2.4 kHz

e = —184.5614 + 0.58 kHz

T3 = 26.82 £ 0.22 MHz®
Tacas = —139.81 + 17.6 MHz*
Thbby = —89.49296 + 0.64 kHz
Tecee = —09.7911 £ 0.63 kHz

hyg = 13.18 & 5 Hz
Assuming planarity, the following parameters were calculated from 7, , 72, 7aaan and rum

Tearh = 0.461 £ 0.067 MHz

Tabah = —1.321 £ 0.054 MHz
Thhee = —77.99 & 0.61 kHz
Tecaa = —02.6 = 59 kHz

¢ The number of significant figures quoted are necessary to reproduce all of the ecal-
culated frequencies for 1 < J < 40 and 100 MHz < v < 300 GHz to within their standard
deviations. The constants reported are those defined as ‘“Watson’s Determinable Param-
eters” in Ref. (4).

b The value of 73 is set using the planarity conditions and is not, strictly speaking, a
determinable parameter.

¢ The value of 74444 is determined primarily from the high resolution infrared spectrum.
See text for details.

When more than one sixth order angular momentum (P°) term was included
in the least-squares fit, the standard deviations of the predicted (but unmeas-
ured ) transitions were five to ten times greater than those calculated using only
one P°® term. Experience with other molecules has indicated that ignoring con-
tributions from all the P° terms causes the calculated transitions to be in error
by no more than three standard deviations in the majority of cases. Thus, the
most uscful predictions of the unmeasured transitions are those obtained using
a single P° term with the standard deviations of the caleulated frequencies
trebled.

In order to determine whether additional measurements would lead to an im-
provement in the values of the parameters, a calculation using synthetic data
was performed. The synthetic data was gencrated by adding to a spectrum cal-
culated from a fourth order model a set of random normal errors representative
of presently attainable measurement accuracies (0.05 MHz for frequencies less
than 50 GHz and an additional 0.05 MHz for every multiple of 50 GHz above
50 GHz). This synthetic data, consisting of 160 transitions with J < 40 and
100 MHz <» < 300 GHz, was then fitted using a sixth-order model which in-
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cluded all seven P° terms. It was found that even with this extremely extensive
microwave data T.e.. could not be obtained with better accuracy than that ob-
tained from the infrared data. The sole sixth-order constant retained for the fit
of the measured microwave data ;x was chosen because it had the smallest cor-
relation with the remaining parameters of all the sixth order paramcters.

In conclusion, the rotational parameters obtained from the least-squares fit
of the microwave data reported in Table T are of sufficient accuracy to predict
all of the remaining transitions up to J = 30 and » < 300 GHz with standard
deviations less than 0.5 MHz except for the K, = 3, Q-branch series which has
standard deviations less than 2 MHz. Above J = 30 the predictions become
less accurate and the intensitics become s0 weak that measurement of these
transitions is not possible with existing equipment and technigues for the prepa-
ration of HyCS. The predicted microwave spectrum for HyCS along with infor-
mation on line strengths and absolute rotational encrgies will be available
soon (4).

Recrivep: June 23, 1972
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